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Abstract. The interactions between the f0(980) and a0(980) scalar resonances and the lightest pseudoscalar mesons are
studied. We first obtain the interacting kernels, without including any ad hoc free parameter, because the lightest scalar
resonances are dynamically generated. These kernels are unitarized, giving the final amplitudes, which generate pseudoscalar
resonances, associated with the K(1460), pi(1300), pi(1800), η(1475) and X(1835). We also consider the exotic channels
with I = 3/2 and IG = 1+ quantum numbers. The former could be also resonant in agreement with a previous prediction.
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INTRODUCTION
Chiral symmetry imposes strong constraints to the in-
teractions of the lightest pseudoscalar mesons (pi , K, η ,
η ′). For the isospin (I) 0, 1 and 1/2 the scattering of
the pseudoscalars in S-wave is strong enough to gener-
ate dynamically the lightest scalar resonances, namely,
the f0(980), a0(980), κ and σ , as shown in Ref. [1].
One can make use of the tightly constrained interactions
among the lightest pseudoscalars in order to work out ap-
proximately the scattering between them and scalar res-
onances. We focus here on the relatively narrow f0(980)
and a0(980) resonances and consider their interactions
with the pseudoscalars pi , K, η and η ′. These interac-
tions are shown to be strong enough to generate dynami-
cally new pseudoscalar resonances with JPC = 0−+, with
a mass larger than 1 GeV, typically following the relevant
thresholds.
We report here on our recent paper [2] dedicated to the
interesting problem of the excited pseudoscalar mesons
above 1 GeV. These resonances are not typically well-
known [3]. In I = 1/2 one has the K(1460) and K(1630)
resonances. The I = 1 resonances pi(1300), pi(1800) are
somewhat better known. Special mention deserves the
I = 0 channel where the η(1295), η(1405) and η(1475)
have been object of an intense study [4]. Experimen-
tally it has been established that while the η(1405) de-
cays mainly to a0pi the η(1475) does so to K∗ ¯K + c.c.
Refs. [3, 4] favor the interpretation of considering the
η(1295) and η(1475) as ideally mixed states of the same
nonet of pseudoscalar resonances, the other members be-
ing the pi(1300) and K(1460), forming the first radial
excitation of the lightest pseudoscalars. The η(1405)
would then be an extra state, that, if interpreted as a glue-
ball in QCD, it would be in conflict with present results
from lattice QCD, predicting the lowest mass for the
pseudoscalar glueball at around 2.4 GeV. The previous
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FIGURE 1. Triangle loop for calculating the interacting
kernel of S1(p1)P1(k1) → S2(p2)P2(k2), where the four-
momentum for each particle is given between brackets. S1,2
represents the initial, final scalar resonances and similarly for
P1,2 regarding the pseudoscalar mesons.
whole picture has been challenged in Ref. [5] that ques-
tions the existence of the η(1295) and argue that only
one η(1440) exists in the 1.4-1.5 GeV region.
Recently, the BES Collaboration [6] has observed the
new resonance X(1835) with quantum numbers favored
as a pseudoscalar 0−+ resonance.
FORMALISM
Our approach is based on the triangle diagram of Fig. 1,
where an initial scalar (S1) and pseudoscalar (P1) go to a
final pair (S2, P2), with the internal lines being kaons.
This diagram is enhanced because the masses of both
the f0(980) and a0(980) resonances are very close to
the K ¯K threshold, as discussed in detail in Ref. [7].
The couplings of the scalar resonances to two kaons are
determined by studying the meson-meson interaction [2],
similarly as in Ref. [1].
Let us indicate by P the total four-momentum P =
p1 + k1 = p2 + k2 in Fig. 1. This diagram is given by
g1g2LK , being gi the coupling of the initial and final
scalar resonance to a K ¯K pair, and LK corresponds to:
LK = i
∫ d4ℓ
(2pi)4
T ((P− ℓ)2)
(ℓ2−m2K + iε)((p1− ℓ)2−m2K + iε)
× 1
((p2− ℓ)2−m2K + iε)
. (1)
Here, T ((P− ℓ)2) represents the interaction amplitude
between the kaons with the external pseudoscalars, see
Ref. [2] for details. These amplitudes contain the poles
corresponding to the scalar resonances σ , κ , f0(980),
a0(980) and other poles in the region around 1.4 GeV [1,
8]. To work out the dependence of T on the integration
variable, we write the dispersion relation satisfied by
T (q2),
T (q2) = T (sA)+∑
i
q2− sA
q2− si
Resi
si− sA+
+
q2− sA
pi
∫
∞
sth
ds′ ImT (s
′)
(s′− q2)(s′− sA) . (2)
One subtraction at sA is taken. There are also present
poles deep in the q2-complex plane located at si whose
residues are Resi. Inserting Eq. (2) into Eq. (1), it results
LK =
(
T (sA)+∑ Resi
si− sA
)
C3 +∑
i
C4(si)Resi
− 1
pi
∫
∞
sth
ds′ImT (s′)
[
C3
s′− sA +C4(s
′)
]
, (3)
where we have introduced the three- and four-point
Green functions C3 and C4(M24 ), that must be projected
into S-wave. Once this is done, eq. (3) can still be used
but with C3 and C4(M24 ) projected [2].
TABLE 1. Different IG sectors, coupled chan-
nels and resonances [3].
IG Channels Resonances
0+ f0η , f0η ′, a0pi η(1295), η(1405),
η(1475), X(1835)
1
2 f0K, a0K K(1460), K(1630)
1− f0pi , a0η , a0η ′ pi(1300), pi(1800)
3
2 a0K K ¯KK (Longacre [9])
1+ a0pi –
Eq. (3) is our basic equation for evaluating the interac-
tion kernels, giving rise to the interaction kernels TL(i→
j), where i, j refer to the different scalar-pseudoscalar
channels involved, as seen in Table 1. For each IG sec-
tor, we join in a symmetric matrix TIG the different
TL(i → j). In order to resum the unitarity loops and ob-
tain the final S-wave T-matrix, TIG, we use the equation
(see e.g. [2, 8] and references therein)
TIG = [I+TIG ·gIG(s)]−1 ·TIG . (4)
Here, gIG(s) is a diagonal matrix whose elements are the
scalar unitarity loop function with a scalar-pseudoscalar
intermediate state. It has a subtraction constant (a1) re-
stricted to have natural values, so that the associated uni-
tarity scale 4pi fpi/
√|a1| becomes not too small. The sign
of a1 is required to be negative so that resonances could
be generated when the interaction kernel is positive (at-
tractive). Then, from these two conditions, the resulting
resonances might be qualified as dynamically generated
due to the iteration of the unitarity loops.
RESULTS
In this section we show the results that follow by ap-
plying Eq. (4) to the different IG sectors. The modulus
squared of the amplitudes are shown in Fig. 2. The reso-
nances found in our work are given in Table 2.
TABLE 2. Summary of the resonances obtained in our
study.
Resonance IG Width (MeV) Comments
K(1460) 12 Γ & 100 |g f0K/ga0K | ≃ 1.4
pi(1800) 1− Γ≃ 200 a0η ′ elastic
pi(1300) 1− Γ & 200 a0pi , f0η coupled
X(1835) 0+ Γ≃ 70 f0η ′ elastic
η(1475) 0+ Γ≃ 150 f0η elastic
Exotic 32 Γ≃ 200 a0K threshold
I = 1/2 sector. We obtain in f0K → f0K a clear
resonant peak with its maximum at 1460 MeV for a1
around −0.5, that corresponds to the nominal mass of
the K(1460) resonance. The visual width of the peak is
around 100 MeV, although it appears wider in a0K →
a0K scattering. The PDG [3] refers a larger width of
around 250 MeV. One has to take into account that the
channel K∗(892)pi is not included and it seems to couple
strongly with the K(1460) resonance. From the relative
sizes of the peaks one infers that the K(1460) couples
more strongly to f0K than to a0K.
I = 1 sector. We find that the a0η ′ channel is almost
elastic due to its much higher threshold [2]. It gives rise
to a strong resonant signal around 1.8 GeV that could
be associated with the pi(1800) resonance. Taking a1
for a0η ′ around −1.3, we get the mass given in the
PDG (1816± 14 MeV). The visual width of the peak
is around 200 MeV (PDG quotes 208± 12 MeV). The
other two channels couple quite strongly and give rise to
an enhancement between 1.2-1.4 GeV, that we identify
with the pi(1300).
I = 0 sector. As in I = 1, the f0η ′ channel decou-
ples from the other two channels. For a1 ≃ −1.2 one
I = 1/2
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FIGURE 2. Modulus squared of the different scalar-
pseudoscalar amplitudes discussed in the text.
obtains a resonance of the a0η ′ channel with a mass of
1835 MeV and a width around 70 MeV, in agreement
with PDG for the X(1835), 1833.7± 6.1± 2.7 MeV and
67.7± 20.3± 7.7 MeV, respectively. For the other two
channels, a0pi and f0η , we obtain a clear resonance with
a mass around 1.45 GeV not coupled to a0pi . As η(1405)
couples mostly to a0pi we identify our resonance with
the η(1475). The width is around 150 MeV (PDG gives
85± 9 MeV). It is also known that the η(1475) couples
strongly to K∗(892) ¯K + c.c, not included in our study,
which would modify its shape. No resonance around the
mass of the η(1295) is observed.
Exotic channels. In I = 3/2 we find an exotic reso-
nance at around 1.4 GeV for |a1| . 1.5. This confirms
the predictions of Longacre [9] that studied the K ¯Kpi and
K ¯KK systems, concluding that the I = 3/2 JP = 0− K ¯KK
system was resonant around its threshold.
In the other exotic channel (IG = 1+), a resonant be-
havior depends on the value of a1. For |a1| . 1 the res-
onant signal is weak, and that value is finally taken be-
cause no such resonance has been found experimentally.
In summary, we have developed a novel approach for
studying the scalar-pseudoscalar interactions that also
sheds new light on the pseudoscalar resonances with
mass above 1 GeV.
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